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Abstract

Introduction: Myeloid-derived suppressor cells (MDSCs) are critically in-
volved in cancer immune suppression and MDSC density has been recog-
nized as a robust prognostic biomarker. Here, we sought to characterize the
densities and locations of CD11b* MDSCs in primary oral squamous cell
carcinoma (OSCC) and determine their prognostic significance.

Material and methods: A total of 144 eligible OSCC samples from a tertia-
ry referral oral cancer center were retrospectively collected. Intensities of
CD11b* MDSCs at the tumor center (CT) and invasive margin (IM) in OSCC
samples were detected by immunohistochemistry and automatically quan-
tified using Image J software. The optimal cutoff values for CD11b CT and
CD11b IM were determined by X-tile based on overall survival. The asso-
ciations between CD11b* MDSCs and clinicopathological parameters were
assessed by the y? test. The prognostic value of CD11b* MDSCs was evalu-
ated by Kaplan-Meier plots, Cox regression analyses and receiver operating
characteristics curves.

Results: High density of CD11b* MDSCs at CT or IM was significantly asso-
ciated with inferior overall and disease-free survival (Kaplan-Meir, p < 0.05,
log-rank test). CD11b CT and CD11b IM were identified as independent prog-
nostic predictors for patient survival. The prediction accuracy and specificity
of CD11b CT and CD11b IM were superior to other prognostic parameters.
Conclusions: Our data indicated that increased densities of CD11b*
MDSCs in CT and IM regions were significantly associated with poor progno-
ses, which might be novel prognostic factors for OSCC.

Key words: oral squamous cell carcinoma, myeloid derived suppressor
cells, CD11b, prognostic biomarker.

Introduction

The 5-year survival for patients with primary oral squamous cell
carcinoma (OSCC) remains at approximately 60%, which has not been
markedly improved in the past decades [1]. Such a dismal prognosis is in
part due to the high proportion of patients who present with advanced
disease at the initial diagnosis. Insufficient and inaccurate evaluation of
this malignancy hampers effective treatment planning and proper prog-
nostic prediction. Nowadays, patients with OSCC are commonly staged
according to the TNM staging system based on the tumor dimension,
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lymph node and metastasis [2]. However, owing
to the heterogeneity of OSCC, patients with the
same TNM stage usually present a significant va-
riety of clinical outcomes [3]. Thus, identification
of novel prognostic factors is urgently needed
to better estimate survival and guide treatment
planning.

The tumor microenvironment of solid cancer
including OSCC is usually characterized by signif-
icant infiltration of both innate and adaptive im-
mune cells including but not restricted to T cells,
B cells and macrophages [4]. Mounting evidence
has demonstrated that various types of tumor-in-
filtrating immune cells promote cancer initiation,
overgrowth and metastatic dissemination [5].
Moreover, quantifications of these cancer-associ-
ated immune cells have robust prognostic signifi-
cance in a broad spectrum of human cancer [6]. In
particular, myeloid-derived suppressor cells (MD-
SCs), one of the major components of the tumor
microenvironment, have emerged as a key regu-
latory cell population that critically participates in
tumorigenesis [7]. Intensive studies have indicat-
ed MDSCs as a negative predictor of clinical out-
comes invarious cancers and a potential predictive
biomarker in malignancies including melanoma,
gastrointestinal and bladder cancer [8-10]. Cur-
rently, human MDSCs are usually labelled as
CD11b*CD33*HLA DR Lin- and consist of two
groups of cells termed polymorphonuclear (PMN-
MDSCs, CD11b*CD33*CD14°CD15*HLA DR Lin") and
monocytic (M-MDSCs, CD11b*CD33*CD14*CD15-
HLA-DR-Lin") [11]. Several previous studies have
used the CD11b to label tumor-infiltrating MDSCs
by immunohistochemistry in various cancer con-
texts. Evaluation of CD11b* MDSCs in the tumor
center and microenvironment has been utilized to
predict patients’ clinical outcome [11, 12]. For ex-
ample, high densities of CD11b* MDSCs were sig-
nificantly associated with unfavorable survival of
patients diagnosed with hepatocellular carcinoma
[13]. However, to the best of our knowledge, the
prognostic value of CD11b* MDSCs infiltration in
OSCC remains largely unknown.

The present study was designed to evaluate
the densities of CD11b* MDSCs in both center of
tumor (CT) and invasive margin (IM) regions by
immunohistochemistry and assess their prognos-
tic significance in a retrospective cohort of OSCC
from a tertiary referral oral cancer center.

Material and methods

Patients and specimens

This study was in accordance with the Decla-
ration of Helsinki and approved by the Research
Ethic Committees of Affiliated Stomatological
Hospital, Nanjing Medical University. Informed

consent was obtained from each patient or their
guardians. Records of patients with primary OSCC
who underwent ablative surgery at the Affiliated
Stomatological Hospital of Nanjing Medical Uni-
versity between April 2011 and December 2013
were reviewed. Patients enrolled here suffered
from primary OSCC and were treatment-naive.
Formalin-fixed paraffin-embedded (FFPE) spec-
imens from ablative resection of OSCC and de-
tailed clinical, pathological as well as follow-up
data were available for all eligible patients. Histo-
pathological grading and clinical staging of each
case were evaluated according to the WHO classi-
fication and American Joint Committee on Cancer
Staging System 7" edition, respectively [14].

Immunohistochemical staining of CD11b in
0scc

The FFPE specimens of all patients enrolled
were collected for slide preparation. Immunohis-
tochemical staining of CD11b was performed on
4-um thickness sections as described previously
[15]. Briefly, FFPE specimens were consecutively
sliced into sections followed by deparaffinization
in xylene and standard gradient ethanol. Subse-
quently, the slides were immersed in Tris-EDTA
buffer (pH 8.0) for 15 min for antigen retrieval
and incubated in 3% H,0, for the blockage of
endogenous peroxidase activity. The sections
were further incubated with primary antibody
(anti-CD11b, 1 : 200 dilution, CST, 49420) at 4°C
overnight followed by phosphate-buffered saline
washing and biotinylated secondary antibody in-
cubation (Maxim, China). Finally, the antigen de-
tection was conducted by a color reaction with
3.3-diaminobenzidinez (DAB) under microscopic
monitoring and counterstained with hematoxylin.
Negative controls without primary antibody incu-
bation were included.

Evaluation of immunohistochemical staining

Images of selected areas were acquired using
an upright microscope (Leica DM4000B, Germa-
ny), and the immunohistochemical staining re-
sults of CD11b* MDSCs in OSCC samples were
independently assessed by two senior oral pa-
thologists without knowledge of patients’ clin-
icopathological data. When an agreement was
difficult to reach, the final judgment was made by
reevaluating the slides. For each tumor specimen,
slides containing invasive margin (IM) and tumor
center (CT) regions were selected. Five representa-
tive fields per slide including both of the regions
were selected at 200xmagnification after initial
screening under a low power field (100x). As illus-
trated in Figure 1, similar to previous reports, the
invasive margin (IM) was defined as a region of

172

Arch Med Sci 1, 1% January / 2023



Prognostic role of CD11b* myeloid-derived suppressor cells in oral squamous cell carcinoma

500 um width on each side of the border between
malignant cells and tumor stroma, while the tumor
center (CT) was defined as a region in the center
of the tumor which was full of malignant cells and
excluded the first 250 pm adjacent to the tumor
border [16, 17]. The density of CD11b* MDSCs in
OSCC specimens was recorded independently at
the CT and IM and presented as the mean num-
ber of positively stained cells per mm?, similar to
our previous report [18-20]. As shown in Figure 2,
cell counts of CD11b* MDSCs were automatically
quantified using Image) (version 2.0). The optimal
cut-off values for the densities of CD11b* MDSCs
at the CT and IM were determined after analyzing
the association between cell amount and overall
survival (0S) by X-tile software with a minimum
p-value approach (version 3.6.1, https://medi-
cine.yale.edu/lab/rimm/research/software/). The
X-tile program is a commonly used statistical tool
for the assessment of biological relationships
between a biomarker and outcome and identifi-
cation of the optimal cut-point based on marker
expression [21].

Statistical analysis

The X-tile program was applied to determine
the optimal cut-off value of the CD11b* MDSC
density with the minimum p-value. Analysis of
the association between classified densities of
CD11b* MDSCs at CT or IM and multiple clinico-
pathological parameters was conducted using the
2 test or Fisher’s exact test. Overall survival (OS)
and disease-free survival (DFS) were calculated
with the Kaplan-Meier method and comparison
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MDSCs in OSCC. The dotted red line marks the

border between the tumor and the surrounding
stroma. Two red lines mark a region (IM) 500 pm
wide (dotted red line with arrow) on each slide of
the border between malignant cells and the sur-
rounding nontumor stroma. CT comprised the tu-
mor section excluding the first 250 um adjacent to
the tumor border

between groups was performed with the log-rank
test. Univariate and multivariate Cox proportion-
al hazards regression models were used to de-
termine the hazard ratio of different prognostic
factors and the association between these factors
with OS and DFS for OSCC. Receiver operating
characteristics (ROC) curves of indicated prognos-
tic factors were plotted and the area under the
curve (AUC) was calculated to identify the pre-
dictive performance of each individual marker. All
tests were two-sided, and p-values less than 0.05
were considered statistically significant. All statis-

Figure 2. Immunohistochemical staining of CD11b* MDSCs in OSCC. A — Representative staining of CD11b* MDSCs
in the tumor center (CT) of OSCC. Scale bar: 100 pm. B, C — The number of CD11b* MDSCs in tumor CT is semi-au-
tomatically quantified by Image) software. Scale bar: 50 pm. D — Representative staining of CD11b* MDSCs in
invasive margins (IM) of OSCC. Scale bar: 100 um. E, F — The number of CD11b* MDSCs in tumor IM is semi-auto-

matically quantified by ImageJ software. Scale bar: 50 pm
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tical analysis was performed with GraphPad Prism
8.0, IBM SPSS 22.0 software and R 3.5.3.

Results

Epidemiological and clinicopathological
characteristics of patients

One hundred and forty-four patients (76 males
and 68 females) who were diagnosed with prima-
ry OSCC and underwent ablative surgery were in-
cluded. They were aged from 30 to 82 years. The
median follow-up duration was 45 months (rang-
ing from 6 to 138 month). Sixty-nine patients died
during the follow-up and 8 patients with local
recurrence or cervical node metastasis remained
alive until the last follow-up. Detailed epidemio-
logical and clinicopathological characteristics of
these patients enrolled are summarized in Table I.

Associations between infiltrating CD11b*
MDSCs and clinicopathological features

Here, we employed immunochemical staining
of CD11b, a common marker to label MDSCs in
cancer, to characterize and quantify MDSCs in
primary OSCC [7, 11, 12]. As shown in Figure 2,
CD11b positive staining MDSCs was readily de-
tected in CT and IM regions in OSCC samples. Fol-
lowing image capture and automatic cell counting
by Image), the densities of CD11b* MDSCs in each
tumor region (CT, IM) was calculated and recorded

(Figure 2). Our results revealed that the densities
of infiltrating MDSCs varied in CT (130.9 +5.84 per
mm?) and IM (466.2 +15.28 per mm?), thus sug-
gesting the significant enrichment of MDSCs in IM
compartments. Additionally, no significant associ-
ation between intensities of CD11b* MDSCs in CT
and IM was identified (data not shown). Then, to
achieve outcome-based cut-off optimization, the
“minimum p-value” approach was employed us-
ing X-tile software [21]. The optimal cutoff value
for CD11b* MDSC at the IM was 389.0 per mm?
(p = 0.0012) and 143.0 per mm? at the CT (p =
0.00189) (Figure 3). Consequently, patients were
classified into low or high CD11b* MDSC sub-
groups. As summarized in Table I, we analyzed
the associations between CD11b* MDSC densities
and several clinicopathological parameters, but
failed to identify any significant associations.

Association between infiltrating CD11b*
MDSCs and survival in OSCC patients

To identify the possible associations between
CD11b* MDSCs and patient survival, we per-
formed Kaplan-Meier analyses and found that
increased densities of CD11b* MDSCs in both CT
and IM regions were significantly associated with
shorter OS and DFS (Figures 4 A-D). Furthermore,
we verified the prognostic values of these im-
munological features for OSCC by Cox regression
analysis. As shown in Table Il, the univariate anal-

Table 1. Associations between density of CD11b+ MDSCs and clinicopathological parameters in OSCC

Variable CD11b CT CD11b IM
> 143.0 < 143.0 P-value* >389.0 < 389.0 P-value*

No. of patients 54 90 89 55

Age [years] <60 18 29 0.8905 24 23 0.0648
> 60 36 61 65 32

Gender Male 31 45 0.3887 49 27 0.4860
Female 23 45 40 28

Smoking No 39 73 0.2142 69 42 0.8717
Yes 15 17 20 13

Alcohol use No 45 77 0.7197 76 46 0.7759
Yes 9 13 13 9

Tumor size T1-T2 42 75 0.4083 73 44 0.7626
T3-T4 12 15 16 11

Pathological grade | 46 84 0.1101 78 52 0.2493
11=111 8 6 11 3

Cervical node NO 38 63 0.4741 60 41 0.3637

metastasis N+ 16 27 29 14

Clinical stage -l 28 56 0.2217 50 34 0.5049
-1V 26 34 39 21

*All p-values in Table | were obtained using y? test or Fisher’s exact test. MDSCs — myeloid derived suppressor cells, OSCC — oral squamous

cell carcinoma, CT — tumor center, IM — invasive margin.
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Figure 3. Optimal cutoff values of CD11b* MDSCs in the CT (A) and IM (B) were determined by X-tile software using
OS as the primary outcome in our patient cohort

CT — tumor center, IM — invasive margin.
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Figure 4. Prognostic significance of CD11b CT and CD11b IM in patients with OSCC. Kaplan-Meier analysis of
overall survival (OS) and disease-free survival (DFS) in patients stratified by CD11b CT (A, C) and CD11b IM (B, D).
P-values were calculated with the log-rank test
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Table Il. Univariate and multivariate survival analyses of prognostic factors associated with OS and DFS for OSCC

Variables 0os DFS
HR 95% Cl P-value HR 95% Cl P-value
Univariate survival analyses:
Age (> 60, < 60) 0.893  0.546-1.461 0.653 1.028 0.639-1.654 0.909
Gender (male, female) 0.812  0.505-1.306 0.391 0.816  0.520-1.280 0.376
Smoking (yes, no) 0.749  0.402-1.397 0.363 0.807 0.451-1.442 0.469
Alcohol use (yes, no) 1.163  0.610-2.217 0.647 1.280 0.704-2.328 0.419
Tumor size (T3-T4, T1-T2) 1.264  0.712-2.243 0.424 1.329  0.773-2.286 0.303
Pathological grade (II-lI, 1) 1.942  0.958-3.938 0.066 2496  1.338-4.658 0.004
Cervical node metastasis (N+, NO) 0.993  0.583-1.692 0.981 1.086 0.658-1.793 0.746
Clinical stage (IlI-1V, 1) 1.217  0.749-1.978 0.427 1.395  0.879-2.215 0.158
CD11b CT (high, low) 2.283  1.390-3.750 0.001 2.235  1.388-3.597 0.001
CD11b IM (high, low) 3.285 1.850-5.835 < 0.001 2.868 1.693-4.857 <0.001
Multivariate survival analyses:
Pathological grade (l1-ll, 1) 1.643 0.774-3.487 0.196 2.171  (1.105-4.265) 0.024
Cervical node metastasis (N+, NO) 0.599  0.269-1.332 0.209 0.536 (0.255-1.128) 0.101
Clinical stage (IlI-1V, I-11) 1.542  0.760-3.130 0.230 1.836  (0.949-3.552) 0.071
CD11b CT (high, low) 2,012 1.213-3.337 0.007 1.919 (1.181-3.119) 0.009
CD11b IM (high, low) 3.183  1.780-5.689 <0.001 2762 (1.618-4.715) < 0.001

Numbers in bold indicate statistical significance with p-values less than 0.05. HR — hazard ratio, Cl — confidence interval, OS — overall
survival, DFS — disease-free survival, OSCC — oral squamous cell carcinoma, CT — tumor center, IM — invasive margin.

ysis indicated that elevated densities of CD11b*
MDSCs at either the IM or CT were significantly as-
sociated with reduced OS (p = 0.001 and < 0.001,
respectively) and DFS (p = 0.001 and < 0.001, re-
spectively). Moreover, the multivariate Cox propor-
tional regression analyses revealed that, besides
pathological grade, densities of CD11b* MDSCs

in the IM or CT were independent prognostic fac-
tors for OS (HR = 3.183, 95% Cl: 1.780-5.689, p <
0.001 at IM; HR =2.012,95% Cl: 1.213-3.337,p =
0.007 at CT). Similar results were found in the DFS
analysis, where estimated HR for CD11b*MDSCs
in the IM was 2.762 (95% Cl: 1.618-4.715) and at
the CT was 1.919 (95% Cl: 1.181-3.119).
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Figure 5. Predictive ability of CD11b CT and CD11b IM for the prognosis of patients with OSCC. ROC curves and AUC
at 1 year, 3 years and 5 years were used to estimate the sensitivity and specificity of CD11b CT (A) and CD11b IM
(B) in the prognostic prediction of overall survival (OS)
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Predictive performance of CD11b* MDSCs
for OSCC prognosis

Next, we proceeded to determine the predic-
tive performance of CD11b* MDSCs for patients
with OSCC by time-dependent ROC curve analy-
sis. Tumor size, cervical nodal metastasis, patho-
logical grade and clinical stage, widely adopted
as prognostic factors for OSCC, were included for
assessing the predictive value of CD11b* MDSCs.
With respect to the OS, the AUC values of CD11b
IM at 1 year, 3 years and 5 years were 0.69, 0.58,
0.78 and the AUC values of CD11b CT were 0.72,
0.68, 0.75, respectively (Figurea 5 A, B). However,
the AUC of the aforementioned four clinicopatho-
logical parameters was less than 0.54 (Figure 6).

Discussion

High mortality in OSCC necessitates devel-
opment of effective biomarkers for treatment
planning and prognostic prediction, ultimately
improving patient management and long-term
survival. The current commonly used TNM staging
system fails to meet the clinical demand in accu-
rate prognostic prediction [1]. Although various
genetic or epigenetic biomarkers in OSCC have
been proposed for prognostic assessment includ-
ing microRNA, IncRNA and alternative mRNA splic-
ing signature, they are still far from optimal [20,
22, 23]. In addition to these intrinsic features of
cancer itself, tumor-infiltrating immunocytes have
been established as key drivers underlying tumor-
igenesis as well as novel biomarkers with tremen-
dous diagnostic and prognostic significance [4, 6].
Here, we determined the location and amount of
MDSCs in OSCC and revealed that a high amount
of CD11b* MDSCs was associated with inferi-
or survival and quantification of CD11b* MDSCs
might be a novel independent prognostic factor
for OSCC.

Accumulating evidence has demonstrated that
multiple types of immune cells infiltrate in the tu-
mor itself or its microenvironment facilitate tumor
overgrowth, invasion and metastasis [5]. In par-
ticular, MDSCs are a heterogeneous population of
immature myeloid cells and utilize multiple mech-
anisms to establish a tumor-promoting environ-
ment [7, 11]. They can suppress T cells by deplet-
ing amino acids necessary for activation of T cells,
inhibiting their migration and preventing their
entry into lymph nodes or homing to tumor sites
[24, 25]. Moreover, with respect to their indirect
immunosuppressive mechanism, MDSCs altered
the ability of antigen-presenting cells (APCs) to
activate T cells and T regulatory cells (Tregs) [26].
Besides immune regulatory mechanisms, MDSCs
also influenced tumor progression by modulat-
ing the tumor microenvironment and promoting
angiogenesis via VEGF, bFGF and MMP9 [27, 28].
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Figure 6. Predictive ability of tumor size, cervical
node metastasis, pathological grade and clinical
stage for the prognosis of patients with OSCC. The
sensitivity and specificity of four clinicopathologi-
cal parameters in the prognostic prediction of over-
all survival (OS) were estimated by ROC curves

Consistent with these previous findings, our data
revealed that MDSCs were highly enriched in in-
vasive tumor margins, thus suggesting that their
tumor-promoting roles occurred primarily in the
tumor microenvironment. However, much work is
needed to accurately dissect the roles of MDSCs
and relevant mechanisms of action during OSCC
tumorigenesis.

Until now, the prognostic impacts of sever-
al subsets of tumor-infiltrating immune cells in
a broad spectrum of human cancers including
OSCC have been documented, such as CD3* TIL,
CD8* TIL, CD45RO* TIL and CD11b* MDSCs [12, 18,
19, 29]. For example, we reported that high densi-
ties of CD3*/CD8* TIL and CD68* macrophage were
significantly associated with increased overall and
disease-specific survival in OSCC [19, 30]. In the
present study, we assessed the prognostic value
of the density of CD11b* MDSCs in either CT or IM
regions. Our results revealed that high densities of
CD11b* MDSCs were significantly associated with
reduced patient survival. In addition, multivari-
ate Cox regression assay also identified CD11b*
MDSCs as a novel independent prognostic factor
affecting patient survival. These findings are in
line with previous reports wherein MDSC accu-
mulation correlated with poor outcome in mela-
noma, gastrointestinal cancers and bladder can-
cer [8-10, 31]. Moreover, MDSCs in non-small lung
and cervical cancer patients were associated with
advanced tumor stage and unfavorable prognosis
and served as an independent prognostic factor
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predicting patients’ outcome [32, 33]. Here, we in-
vestigated the prognostic value of CD11b* MDSCs
in distinct locations (CT or IM) in OSCC with a rel-
atively long-term follow-up. Our findings revealed
that high densities of CD11b* MDSCs in either the
IM or CT compartment were significantly associat-
ed with unfavorable prognosis in OSCC and also
served as independent prognostic factors in pre-
dicting patients’ survival. Previous studies mainly
focused on MDSCs in whole tumor sections with-
out discriminating different locations of infiltrat-
ing immunosuppressive cells in the tumor sample,
which may partially explain the inconsistent results
among various studies [10, 31-33]. Indeed, spatial
distribution of immunoregulatory cells in different
compartments such as the CT and IM might have
diverse biological functions and their predictive
value for clinical outcome may be region-specif-
ic [34]. Thus, we believe that our immunological
evaluation of CD11b* MDSCs by taking their dis-
tribution into account might be more accurate and
powerful. In support of this, our time-dependent
ROC curve analysis also revealed that the predictive
performance of CD11b* MDSCs in the IM or CT was
superior to such prognostic factors as tumor size,
cervical nodal metastasis and pathological grade.

Although our data revealed the prognostic val-
ues of CD11b* MDSCs in IM or CT for OSCC pa-
tients, there are some limitations. Firstly, potential
bias may remain due to the retrospective nature
and limited sample size. Our findings need to be
confirmed in a prospective study including a large,
multicenter patient population. A single marker for
MDSC labeling might not be adequate to evaluate
their diverse subtypes as well as functional sta-
tus. Combinations of two or more markers might
be better and more accurate to dissect the clin-
ical and biological significance of MDSCs during
OSCCinitiation and progression. In addition, some
pathological factors such as depth of invasion, ex-
tracapsular extension or perineural invasion were
not included in the prognostic analyses. Further-
more, whether CD11b* MDSCs in IM or CT can be
predictive for the response to various treatments
as well as adverse events of adjuvant therapies in
OSCC remains unknown.

In conclusion, our data indicated that high den-
sities of CD11b* MDSCs in the tumor center or in-
vasive margins significantly correlated with unfa-
vorable survival in patients with primary OSCC. Our
findings also suggest that this infiltrating immune
subset has pro-tumorigenic effects in OSCC which
might be exploited for therapeutic intervention.
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